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The Cdllcln El Amplcillln plasmid DNA has been found to be mostly un-
assoclated with Its host folded chromosome and/or membrane complex In ex¬
ponentially growing cells of coll. Approximately 80% of the non-re-
pllcatlng molecules were found free and unassociated and only 10% asso¬
ciated with the folded chromosome. However, after cells are exposed to
chloroamphenlcol treatment approximately 68% of the covalently closed
circular molecules were found to be associated with the folded chromo¬
some, whereas only 12.3% of CCC molecules were found associated with the
chromosome when the same cells were lysed In the presence of RNase.
Studies on the effects of RNase and pronase on the Isolation of
ColEl-Amp DNA suggested that neither RNase nor pronase had any signifi¬
cant effects In altering the percent recovery of this plasmid DNA
on sucrose gradients from exponentially growing cells. On the other
hand, CM treated extracts lysed In the presence of RNase did Increase the
percent recovery of this plasmid on sucrose gradients. Analysis of pulse
labeled plasmid DNA Indicated that there was an Increase In the per¬
cent recovery of rapidly labeled ColEl-Amp DNA associated with the
111
bacteria chromosome. Preliminary studies of rapidly pulse-labeled ColEl-
Amp DNA of CM treated and non-treated cells appear to suggest that the
replicating forms of this plasmid DNA released on CLOS gradients are
sensitive to RNase.
These studies are consistent with previous findings, and suggest
that there may be a ColEl-Amp plasmid DNA protein releasing factor asso¬
ciated with the folded chromosome which is inhibited in cells grown in
the presence of chloramphenicol.
iv
ACKNOWLEDGMENTS
I wish to thank Dr. Errol R. Archibold and Dr. Ronald Sheehy for
their guidance and patience, and the faculty and staff In the Biology






LIST OF FIGURES viii
LIST OF TABLES ix
Chapter
I. INTRODUCTION 1
II. REVIEW OF LITERATURE 2
III. MATERIALS AND METHODS 4
Chemicals 4
Bacterial Strains 4
Media and Culture Conditions 4
Analysis of ColEl DNA on "CLOS"
Gradients 4
Analysis of ColEl-Amp DNA in the
Presence of Chloramphenicol on CLOS
Gradients 8
Determination of Radioactivity 8
Cesium Chloride-Ethidium Bromide
(CsCl-EtBr) Gradient Centrifugation. ... 9
Determination of Sedimentation Coefficient
and Percent Recovery of Plasmid DNA. ... 10
Analysis of Pulse-Labeled Plasmid DNA on
"CLOS" Gradients 10
IV. EXPERIMENTAL RESULTS 10
vi
Isolation of ColEl-Amp 12
Profile of ColEl-Amp on the CLOS ... 12
Identification of Co-valently Closed
Circular Molecules 15
Effect of Chloramphenicol on Cell Harboring
ColEl-Amp Plasmid DNA 17
Growth Properties 17
Effect of CM on the Sedimentation of
the Chromosome 17
Effects of Pronase and RNase A on the
Recovery of ColEl-Amp DNA in the Presence
of CM 20
Cesiimi Chlbrlde~Ethldium Bromine Analysis
of CLOS Prepared Fractions 23







1. Illustration of a CLOS gradient 7
2. Profile of ColEl-Amp, which illustrates
the effects of RNase and pronase on the
recovery of ColEl-Amp plasmid DNA from
exponentially growing cells of coli 13
3. Cesium Chloride-Ethidium bromide density
gradient analysis of plasmid and chromo¬
somal DNA regions from the CLOS gradient
fractions depicted in Fig. 2 16
4. Growth curve of E. coli strains RS61, RS86,
RS92, and RS16 harboring ColEl, ColEl-Amp,
ColEl-Tc, and a plasmid minus strain 18
5. Profile of radioactive uptake of thymidine for
coli strains, RS61, RS86, RS92, and RS16
harboring ColEl, ColEl-Amp, ColEl-Tc, and a
plasmid minus strain 19
6. Sedimentation coefficient of chromosomal DNA
in the presence of CM 21
7. Profile of short term pulse-chase labeled DNA
under normal conditions on "CLOS" 27
8. Profile of short term pulse-chase labeled DNA




1. Bacterial strains 5
2. Spatial distribution ratios of ColEl Plasmid DNA ... 12
3. Effects of chloramphenicol addition to exponentially
growing cells on the recovery of ColEl-Amp plasmid
DNA from CLOS and dye-CsCl gradients 22




Plasmids are extrachromosomal elements, that are stably inherited
and presumed autonomously replicating DNA molecules. Results obtained
in our laboratory and from other investigators have demonstrated that a
variety of plasmid DNAs in coli and in other micro-organism co-sediment
with their host bacterial "folded chromosome." These plasmid molecules
can be released from any apparent association with the folded chromosome
by varying the conditions of lysis which partially or totally result in
unfolding the bacterial chromosome.
In view of these findings, the following investigation was undertaken
to determine the extent that ColEl-Ampicillin plasmid DNA is associated
with its host folded chromosome and/or membrane complex in both expon¬
entially growing cells of coli and under conditions where the plasmid
continues to replicate in the absence of chromosomal replication.
CHAPTER II
REVIEW OF LITERATURE
The maintenance of plasmid DNA has been the subject of extensive
studies over the past decade. While many studies tend to indicate that
chromosomal DNA replication in general may occur via a membrane vehicle
C5j 10)j the evidence for plasmid replication or segregation via such a
vehicle is Indirect and inconclusive.
Studies with several DNAs suggest that there is a stable physical
association of the plasmid with a structural component of the cell (11).
Thus, it has been hypothesized that the plasmid and a portion of the
chromosome attached permanently to a common cellular structure. This
structure is proposed to retain its integrity during cell multiplication.
Sheehy et al, C14) and Kline et al, (11) have illustrated that a variety
of plasmid DNA is found associated with their host bacterial chromosome,
provided the chromosome is maintained in a folded configuration as described
by Worcel et al, C16), Under conditions where the folded configuration of
the bacterial genome is maximally preserved, approximately 80% of R6K
plasmid DNA is found associated with the chromosome and/or membrane com¬
plex CArchibold, unpublished). Similarly, Kline et al, (10) and Sheehy
et al, C13) have shown that under the same conditions, i.e., the preser¬
vation of the folded configuration of the host genome that approximately
90% of F plasmid DNA is associated with a fast sedimenting complex. On
the other hand, similar studies with ColEl have indicated that the ma¬
jority of its non-replicating molecules C90%)are found free and only 10%
associated with the folded chromosome.
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^Jhile studying the folded structure of the bacterial genome, it
was demonstrated by Stonington and Pettijohn (16) that this structure
is stabilized by RNA and protein. It was shown that treatment of the
folded chromosome with RNase and Pronase result in an unfolded chromo¬
somal structure with a concomitant release of F and R6K plasmid DNA
(11, 14).
In view of these findings, Kline and Miller (11) postulated that
the physiochemical structure of the plasmid DNA contains supercoiled
regions which enabled the plasmid to interact with the folded struct¬
ure possibly at sites involving RNA molecules. It was further suggested
that the degree of plasmid DNA associated with the host folded chromo¬
some was directly related to the molecular size of the plasmid DNA, and
possibly to the kind of DNA polymerase used to replicate these plas¬
mids. These interpretations were based on results which indicated that
the replication of ColEl (4.2 mdal) and F(60 mdal) or R6K (25 mdal)
plasmid DNAs was accomplished by different polymerizing enzymes, DNA
polymerase I and III (9), respectively.
Although these studies tend to implicate the folded chromosome in
the replication and/or segregation of a variety of plasmid DNAs the





All chemicals used in the investigation were of the highest grade
available. The Casamino acids used as a supplement were obtained from
Difco Laboratories, Detroit, MI. Uniformly labeled ‘^C / and / ^ l_
thymidine were purchased from Moravek Biochemicals, City of Industry,
CA. The glycerol, protease (pronase) , and lysozyme were purchased
from Sigma Chemical Company, St. Louis, MO. The RNase was obtained as
Pancreatic Ribonuclease A from Calbiochem, San Diego, CA. Brij-58
and Triton X-100 were obtained from J. T. Baker Chemical Co., Phillips-
burg, NJ.
Bacterial Strains
The strains of bacteria used in this study were all coli K-12
derivatives and are listed in Table 1. All organisms were maintained
on Pennassay agar slants under refrigeration.
Media and Culture Conditions
The minimal medium used in this study was the basal salt solution
described by Sheehy et al. (14). This solution was supplemented with
casamino acids (1.5), glucose (0.5%) and thiamine-hydrochloride (2 yg/ml)
Deoxyadenosine (200 yg/ml) was used during labeling to aid the incor¬
poration of the radioactive thymidine. Cell density was determined spec-
trophotometrically at a wavelength of 620 nm on a Buchler Spectroni-20.
Analysis of ColEl DNA on "CLOS" Gradients
For each experiment, cells were grown overnight as static cultures
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**The nomenelature follows proposals of Demeree et al., with expeetions
noted below. Abbreviations for R-Faetor drug resistanee inelude: Te,
tetraeyeline; Sm, Streptomyein, and CM, Chloramphenicol
All stains used were E. coli K-12
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and diluted 1:100 in fresh minimal media with the indicated added supple¬
ment. These cells were then shaken at 37 C in the Lab-line water bath
shaker. At an optical density of 0.05, 10 )Lici/ml of thymidine per ml
was added to the culture, along with 200 jag/ml of deoxyadenosine to aid
or facilitate the incorporation of the thymidine into the cells. The
cultures were then allowed to grow to a cell density of approximately
0.3 (3X10® cells/ml), harvested by centrifugation at 10,000 rpm at 5 C
for 10 min, resuspended in a buffer which consisted of 0.02M KCN, l.OM
NaCl, 0.01 M EDTA, and O.OlM Tris-HCl, made up in 5% sucrose at pH 8.0,
and placed in a 4 C ice bath. Samples of each cell suspension (25 p) were
placed on filter paper to estimate the amount of incorporation of
H^/ dThd Lysozyme (0.1 ml of 5 mg/ml stock) which was freshly made in
O.OlM EDTA, 0.01 Tris-HCl and 1,0M NaCl at a pH 8.0,. was added to 0.4 ml
of the cell suspension. A 0.2 aliquote of this cell-lysozyme mixture
was immediately layered onto a 4.7 ml 10-30% neutral sucrose gradient
(buffered in 0.01 M EDTA, .01M Tris-HCl and l.OM NaCl, pH 8.0),maintained
at 5 C with 0.3 ml of bottom shelf of saturated CsCl in 60% sucrose, and
0.2 ml top layer of detergent made up in 5% sucrose. A profile of CLOS
gradient can be seen in Fig. 1. When ribonuclease (Pancreatic RNase A)
or pronase was added to the gradients, 0.1 ml(final concentration of
500 pg)of a stock solution of 5 mg/ml buffered in l.OM NaCl, O.OlM EDTA,
O.OlM Tris in 7% sucrose, pH 8.0, of either digestible enzjnne was layered
before the addition of the detergent layer. The gradients then stood for
10 min at 5 C to allow the formation of spheroplast in the top layer.
Immediately thereafter, the gradients were centrifuged at 5 C in a Splnco
Fig. 1. Illustration of a CLOS gradient. The CLOS gradient
is a neutral gradient made up of 10-30% sucrose in IM
NaCl buffer. This neutral sucrose gradient (volume of
4.5 ml) was first layered with 01. ml of an RNase or
pronase solution (500 pg/ml) which was overlayed with
0.2ml of a detergent (Brij or Triton) and 0.2 ml of the
cell-lysozyme mixture layered on top of the detergent.








L5-50 or 65 Ultracentrifuge. The gradients were collected from the top
with the Auto Densi-Flow II (Buchler Instruments, Fort Lee, NJ), which
was connected to a Buchler Polystaltic pump. Ten drops per fraction were
collected into trays or dropped directly onto Whatman No. 17 filter paper,
which was divided into 4 x 1.2 mm sections.
Analysis of ColEl-Amp DNA in the Presence of
Chloramphenicol on CLOS Gradients
The analysis of cells harboring ColEl-Amp DNA in the presence of CM
on CLOS gradients was the same as described earlier. Cells from over¬
night growth were inoculated into 30 ml of minimal medium with the added
supplements as indicated previously. After 60 min of cell growth, the
culture was labeled with 3 juci/ml of A^C_/ dThd, and growth was allowed
to continue at 37 C to a cell density of approximately 3X10® cells/ml
was reached. The cells were then washed by centrifugation in pre-warmed
minimal medium, and re-suspended in fresh pre-warmed minimal medium sup¬
plemented with 150 pg/ml of chloramphenicol and 5fici/ml/^/!lThd plus the
additional supplements indicated earlier. Thereafter, the culture con¬
tinued to shake at 37 C and samples were taken as described in the results.
These samples were then handled as described earlier.
Determination of Radioactivity
Samples were spotted on Whatman No. 17 filter paper with 25 A micro¬
pipettes to determine the incorporation of the radioactive labeled
material. The strips of filter paper were taken through the various
washes, which consisted of 5% TCA, 10% TCA, 85% ethanol, and acetone at
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10 min intervals, dried with a hot air blower, and placed into vials.
Enough toluene-PPO (Beckman Instruments, Inc., Fullterton, CA) was then
added to the vials to cover the strips, and the samples were counted in
the Beckman tS-250 scintillation spectrometer.
Cesium Chloride-Ethidium Bromide (CsCl-EtBr) Gradient Centrifugation
Fractions from the CLOS gradients, which contained CCC plasmid DNA
and folded chromosomes, were pooled and analyzed by the dye-buoyant
gradient centrifugation procedure described by Sheehy and Novick (15).
The plasmid and chromosomal regions isolated on CLOS gradient were
pooled and diluted with the phosphate buffer (0.05M sodium phosphate
and 0.005M EDTA at pH 7.4) The average density of the CsCl gradient
was 1.54 gm/cm^ with 200 pg/ml EtBr final concentration. The CsCl/EtBr
gradients were spun to equilibrium in a Beckman Tl-50 rotor at 42,000
rpm for 36 hr at 20 C. The gradients were collected after centrifugation
by piercing the bottom of the tube (Piercing unit by Buchler Instruments)
after positive pressure was applied to the top of the gradient with a
polystaltic pump. Seven drop fractions were collected onto the filter
paper (Whatman 60 mm long strips), washed and counted as above.
Determination of Sedimentation Coefficient and
Percent Recovery of Plasmid DNA
The calculation of percent recovery of plasmid DNA was determined as
described by Sheehy et al.(14). The counts per minute recovered on the
gradients were approximately 90-100% of the counts added. The percent
recovery of ColEl-Amp was determined by summing the CPM observed under the
plasmid region, divided by the sum of counts observed under the chromosomal
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region of the gradient. This ratio of plasmid to chromosome is expressed
as percent recovery of plasmid DNA. The convertion of percent recovery of
plasmid DNA to number of copies per chromosomal equivalent was as described
by Clowes et al. (5). The ratio of plasmid to chromosome was multiplied
by the molecular weight of the chromosome (2500 Mdal,5'), divided by the
molecular weight of ColEl-Amp (7.4 Mdal, 8). Experiments performed on
sucrose gradients for the isolation of chromosomal material were calibrated
with /7^C_/ T4 phage (1025S) DNA. Based on the isokinetic nature of the
10 to 30% sucrose gradient we used, the Burgi-Hershey equation (3), D /D =
1 2
S /S was used to calculate the approximate sedimentation coefficient of
1 2
the chromosomal DNA.
Analysis of Pulse-Labeled Plasmid DNA on "CLOS" Gradients
The analysis of pulse-labeled cells harboring ColEl-Amp DNA in the
presence of CM on CLOS gradients was the same as described earlier. Cells
from the overnight growth were Inoculated into 30 ml of minimal medium
(supplemented) and were shaken until the 0. D. 620 nm of 0.3 was reached.
Thereafter, the culture was labeled with 3 jjci/ml of /^C_/dThd, and
growth was allowed to continue 37 C to a cell density of approximately
3X10® cells/ml. The cells were washed and resuspended in fresh pre-warmed
minimal medium supplemented with 150 jig/ml of chloramphenicol. After 15 min
at 37 C, the culture was pulse-labeled while vigorously shaking with
40 ucl/ml of /Jb. /dThd. To stop the metabolic activity quickly, the
labeled cultures were poured over frozen, crushed, supplemented synthetic
medium containing 0.02M KCN. Immediately after the /^H_/dThd was added,
samples (+CM) were taken at 30 sec, 60 sec, and 600 sec, whereas in the
absence of CM, samples were taken at 15 sec, 45 sec and 600 sec. The
11
cultures (In the absence of CM) were handled the same as indicated above,




Profile of ColEl-Amp on the CLOS
In this study a strain of coli K-12 (RS86) harboring ColEl-Amp
Plasmid DNA was used to examine the apparent association with its host
genome. The bacterial chromosome is maintained in a folded configuration
with the aid of RNA and protein linkages. Cleavage of these linkages
would result in the unfolding of the bacterial chromosome. Figure 2
presents the effects of RNase and pronase on the recovery of ColEl-Amp
plasmid DNA from exponentially growing cells of coll. Here, cells
were grown exponentially, labeled with /^H_/dThd, and treated as Indicated.
Equal aliquotes of the cell suspension were then lysed directly on top of
the neutral sucrose gradients that were overlayered with pronase or RNase.
Cells harboring ColEl-Amp, when lysed in the presence of RNase (Fig. 2B)
or pronase (Fig. 2C) or in their absence, (Fig. 2A) showed significant
changes in the recovery of the plasmid. The number of copies per chromo¬
some equivalent in all cases (Figs. A, B, C.) was approximately 10 (Table
2). Analysis of a plasmid free strain (RS16) in the same manner illus¬
trated no significant accumulations of radioactive counts under the plasmid
region (Fig. 2ABC).
Studies with different detergents (ionic and non-ionic, data not
shown) indicated that Brlj yielded the best qualitatively results.
Therefore, in all experiments Brij was used as the detergent for lysis of
spheroplast on sucrose gradient.
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Fig. 2 Profile of ColEl-Amp plasmid DNA from exponentially growing
cells of coli. In A, B, and C the culture was labeled
with 3 uci/ml of /^H_/dThd (o), after 60 min of cell growth,
and growth was allowed to continue at 37 C to a cell density
of approximately 3X10® cells/ml. Figure 2 ABC represents
CLOS gradients of ColEl-Amp in the absence of RNase,
presence of RNase (500 pg/ml) and of pronase (500 jjg/ml),
respectively. The closed circles in A, B, and C represent
the profile of RS16 (plasmid minus strain) labelled and
centrifuged under the same conditions. Centrifugation was
45,000 rpm for 120 min at 5 C. Peak fractions from A, B,
and C gradients, representing plasmid DNA in the middle of
the gradient and chromosomal DNA at the bottom of the
gradient, were pooled. These pooled fractions were subjected
to dye-buoyant centrifugation analysis described in the
legend to Fig. 3. Values plotted are shown in Table 2.
[®h]dThd(10^cpm)-PLASMID Cl
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(-) 9.60 3.64 12.24 86
(+) R 10.60 2.30 12.90 91
(+) 9.2 3.48 12.68 82.4
Results from CLOS gradient analysis depicted in Fig. 2.
2
Calculated from (1) using the M.W. of RS86 as 7.4 M dal, and the
DNA of coli as 2,500 M dal. Refer to Material and Methods for




Identification of Covalently Closed Circular (CCC) Molecules
Figure 3 presents a typical dye-bouyant density gradient of peak-
fractions taken from plasmid and chromosomal regions shown in Fig. 2
It can be seen that the majority (90%) of the molecules isolated free
from the folded chromosome on the sucrose gradient are covalently closed
(Fig. 3A). Peak fractions of the folded chromosome in Fig. 3B indicated
the presence of CCC based on the density. An analysis of the peak
quantitative amount of plasmid DNA in peak fractions of plasmid and chro-
mosomalrtegiohs on CLOS and dye-CsCl gradients is shown in Table 2. As
can be seen (Table 2) there were no significant differences in the number
of molecules (ColEl-Amp DNA) isolated in presence or absence of RNase or
pronase, i.e., 10.6, 9.2, and 9.6, respectively. Additionally, the
majority (approximately 90%) of these plasmid molecules isolated on CLOS
gradient was covalently closed, as illustrated by CsCl-EtBr. Analysis of
the chromosomal region of CLOS gradient on dye-CsCI gradients indicated
that there were no significant differences in the number of ColEl-Amp
plasmid DNA associated with the bacterial chromosomes relative to the
presence or absence of RNase or pronase of the preceding CLOS gradient.
That is, the number of copies per chromosome equivalent associated with
the bacterial genome was 2.3, 3.48, and 3.60 respectively. These results
are consistent with findings of other investigators and suggest that
approximately 20% ColEl-Amp is found associated with the folded bacterial
genome in exponentially grown cells. The fact that a percentage of the
molecules remained with the unfolded chromosome suggests that the con¬
formational changes needed to release all the plasmid molecules were not
Fig. 3 Cesium chloride-Ethidium bromide density gradient analysis of
plasmid and chromosomal DNA regions from the CLOS gradient
fractions depicted in Fig. 2. (A) represents peak fractions
from plasmid regions (fractions 10-28) (Fig. 2) and (B) the
peak fractions from chromosomal (fractions 30-46) (Fig. 2).
The peak shown near the top of the gradient in Fig. 3A is
characteristic of covalently closed circular fCCO DNA.
Centrifugation was 42,000 rpm for 36 hr at 20 C. Values










carried out to completion.
Effect of Chloramphenicol on Cell Harboring
ColEl-Amp Plasmid DNA
Growth Properties
It has been demonstrated by several investigators (4,11) that while
the addition of CM (chloramphenicol) to actively growing cells inhibits
protein systnesis at the translational level, the replication of ColEl-DNA
continues at a high rate and chromosomal synthesis is halted. To examine
cellular activity in the presence of CM, strains harboring ColEl (RS61),
ColEl-Amp (RS86), ColEl-Tc (RS92), and a plasmid minus strain (RS16), were
grown expoentially to an 0. D. 620 nm, and 150 pg/ml of CM was added. The
growth of these strains is shown in Fig. 4. As can be seen, there was
complete cessation of growth 60 min after the addition of CM when compared
to a strain not treated. An analysis of the uptake of radioactive thymidine
under similar conditions and shown in Fig. 5, Indicated that there was a
slight increase in the amount of /^H_/ dThd uptake in the strains (RS61,
RS86, RS92) 60 min after the addition of CM. Plasmid minus strain (RS16)
did not display any increase in /%_/dThd uptake after the addition of CM.
Effect of Chlroamphenicol on the Sedimentation
Coefficient of the Chromosome
Figure 6 presents a typical profile of the effect of CM on the sedi¬
mentation coefficient of the bacterial chromosome. Here cells were grown
exponentially to a cell density of 3X10® cells/ml and 150 pg/ml of CM was
added along with /%_/dThd and /J^C_/ Glycerol for labeling the cell
membrane. Cells were harvested, layered, and lysed on CLOS gradients in
Fig. 4. Growth Curve of coll strains RS61, RS86, RS92, and RS16
harboring ColEl, ColEl-Amp, ColEl-Tc, and a plasmid minus
strain. Cells were grown exponentially with /^H /dThd , and
150 jLig/ml of CM was added. The optical densities of the
samples were read at every 30 miii intervals after the
addition of CM. Open triangles (A) represent the growth
curve of plasmid minus strain (RS16); closed triangles (A)
the ColEl (RS61),closed circles (•) the ColEl-Amp (RS86),
and open circle (o) the ColEl-Tc (RS92). The broken





Fig. 5. Profile of the radioactive uptake of thymidine for E.
coli strains RS61, RS86, RS92, and RS16 harboring CoIEIt
Amp, ColEl-Tc, and a plasmid minus strain. Cells were grown
exponentially with /^H_/dThd. CM was added 60 min after
the addition of /%_/dThd. Twenty-five pi samples were
taken every 30 min intervals after the addition of CM, to
estimate the incorporated radioactivity. The uptake of
radioactive thymindine (with increase time) of the various
strains is represented by the following symbols:








the presence and absence of RNase or pronase as described earlier. These
results demonstrated that there was an increase in sedimentation coef¬
ficient of the bacterial folded chromosome from 3200S in exponentially
grown cells to 5000-6000S when exposed to CM (Fig. 6; Table 3). On the
other hand, CM treated cells lysed in the presence of RNase showed a
reduction in the sedimentation of chromosomes from 5000-6000S to 475S
and 844S, respectively (Table 3). Under all conditions, membrane material
was found associated with the bacterial chromosome, i.e., folded or un¬
folded conditions (Fig. 6). According to the percent distribution of
chromosomal DNA and membrane, in Fig. 6A it was shown that in the absence
of RNase, 28% of the membrane was found at the top of the gradient, 41%
of the membrane with the chromosome in the middle of the gradient, and
28% of the membrane with the chromosome at the bottom of the gradient.
In Figure 6B, it was shown that in the presence of RNase, 47% of the
membrane was founded at the top of the gradient, whereas 27% of the mem¬
brane was associated with the chromosome in the middle of the gradient
and 26% membrane with the chromosome at the bottom of the gradient. In
Figure 6A, 66% of the chromosomal DNA was isolated in the middle of the
gradient and 35% of the remaining DNA settled to the bottom of the
gradient. In Figure 6B, 88% of the chromosomal DNA was found in the
middle and 12% at the bottom of the gradient.
Effects of Pronase and RNase A on the Recovery of ColEl-Amp
DNA in the Presence of Chloroamphenicol
Table 3 summarizes the effects of RNase and pronase on the recovery
of ColEl-Amp plasmid DNA from exponentially growing cells of coli in
Fig. 6. Sedimentation coefficient of chromosomal DNA in the presence
of CM. Here cells were grown exponentially to a cell
density of 3X10® cells/ml, and 150 pg/ml of CM was added
with the /^H_/dThd (•) and^*^C Glycerol (o) for labeling
the cell membrane. Centrigugation of RS86, layered in the
absence of RNase (A), was 16,000 rpm for 50 min at 5 C.
Centrifugation of RS86, layered in the presence of RNase
(B), was 16,000 rpm for 3 min at 5 C. The position of the
sedimentation marker, T4 Phage (2500S), was noted with an
arrow (i). In the absence of RNase (A), the sedimentation
of the chromosome was noted as 5300S, whereas the sedimen¬
tation of the ColEl-Amp chromosomal DNA layered in the
presence of RNase was 475S. In (A) and (B), counts were
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Table 3. Effects of chloramphenicol addition to exponentially growing cells on the recovery
















- - R^t 9.60 3.64 13.24 86 3200A
- + R 10.60 2.30 12.90 91 521S
- + p5 9.2 3.48 12.68 82.4 —
+ - R 20.20 225.60 245.80 90 5000 - 6000S
+ + R 41.20 105.00 146.20 89 475S
+ + P 16.47 232.00 248.47 83 844S
1
Results from CLOS gradient analysis depicted in Fig. 2 and 6.
^Results from CsCl-EtBr analysis depicted in Fig. 3.
3
Calculated from (1) using the M.W. of RS86 as 7.4 M dal, and the DNA of coll





in the presence of CM. Cells were grown exponentially, labeled with
/3H_/dThd and lysed on top of a neutral sucrose gradients as described
earlier. Cells grown in the presence of CM and lysed in the absence of
RNase or pronase contained approximately 20.20 copies of ColEl-Amp DNA
per chromosome equivalent that were found freely sedimenting in a CLOS
gradient. 41.20 and 16.47 copies, respectively (Table 3), were recovered
from cells lysed in the presence of a RNase or pronase layer. These
results demonstrated that there are more copies of ColEl-Amp DNA released
from the fast sedimenting chromosomal-membrane complex when cells harboring
this plasmid are lysed in the presence of RNase A. On the other hand,
pronase did not appear to have any significant effect on the release of
this plasmid from the fast sedimenting material. Thus, these results
suggest that the association of ColEl-Amp DNA with the chromosome and/or
membrane complex is sensitive to the action of RNase.
Cesium Chloride-Ethldium Bromine Analysis of
CLOS Prepared Fractions
Peak fractions of the plasmid regions and chromosomal regions from
CLOS gardlents described in Fig. 6 and Table 3 were subjected to dye-CsCl
analysis. CsCl-dye analysis of peak fractions from the plasmid regions
(in the presence or absence of pronase or RNase) indicated that the majority
(89%) of the freely sedimenting molecules were covalently closed. Simi¬
larly, CLOS prepared chromosomal peak fractions of cells grown in the
absence and presence of CM, lysed in absence and presence of RNase or
pronase were subjected to dye-CsCI analysis. Table 3 Presents a summary
of these analyses. As can be seen, peak fractions of the plasmid and
24
and chromosomal regions isolated on CLOS gradients from exponentially
(CM minus) growing cells Indicated that approximately 10.0 copies/chro¬
mosome equivalent (80%) of ColEl-Amp DNA could be isolated as freely
sedimenting molecules, where as approximately 3.0 copies (20%) were
found associated with the bacterial chromosome and for membrane. In¬
versely, extracts from the CM-treated cells illustrated a substantial
increase in the copies of ColEl-Amp DNA compared to the CM-minus grown
cells. It indicates that the majority of the CCC (approximately 200)
associated with the chromosome and/or membrane as opposed to freely
sedimenting from (approximately 20 copies).
An analysis of the CM treated and non-treated cells lysed in the
presence of RNase on CLOS gradients indicates that RNase did have some
effect in releasing CCC molecules from CM treated cells that is, 28% of
ColEl-Amp DNA were released as freely sedimenting CCC molecules as
oppose to 8% release from these cells when lysed in the absence of a layer
of RNase. Pronase apparently did not alter the percent recovery of CCC
plasmid DNA on sucrose gradients, i.e., approximately 7% of the molecules
were released as CCC. On the other hand, approximately 80% of ColEl-Amp
DNA were released as freely sedimenting CCC molecules when CM non-treated
cells were lysed on sucrose. The presence of a layer of RNase or pronase
on the sucrose gradients did not alter significantly the % recovery of
this plasmid DNA.
Analysis of Pulse-Labeled Plasmid DNA
To examine the nature of the apparent association of ColEl-Amp
DNA with its host chromosomal DNA, a culture of cells harboring ColEl-Amp
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was labeled with 77^C_/dThd and grown to a cell density of approximately
3X10® cells/ml. These cells were then washed, and resuspended in fresh
pre-warmed minimal medium with CM and /^H_/dThd. Samples were taken at
1 hr intervals for 3 hr. Table 4 illustrated and analyzed CLOS and
CsCl-EtBr gradients. As can be seen (Table 4), there was an increase in
the percent recovery of ColEl-Amp DNA associated with the bacterial
chromosome with an Increase in time of both the newly made and the pre¬
labeled plasmid DNAs. It is still apparent that there were more plasmids
(CCC molecules) associated with the folded chromosome in the absence of
RNase. Consequently, RNase did have an effect in releasing CCC plasmid
DNA (approximately 50% increase) on CLOS gradients of CM treated cells.
Preliminary studies on shorter pulse-periods of cells treated with CM
as described above, and samples taken at 30, 60, and 600 sec after the
addition of /%_/dThd (Fig. 7) indicated that the pulse material released
onto CLOS gradients was sensitive to RNase. That is to say, when similar
pulse-labeled samples were lysed in the absence of a RNase layer, there
were shifts in the pulse material, from a slow sedimenting form to forms
coinciding with the sedimentation of ColEl-Amp CCC DNA with time (30-600
sec). Similarly, the pulsing (15, 45, and 600 sec) of exponentially grown
cells illustrated the same effects to RNase as the CM treated cell samples
(Fig. 8).
These results are consistent with our previous findings and suggest
that upon the addition of CM to exponentially growing cells there was an
apparent inhibition of some factor which inhibited release of the newly
made ColEl-Amp molecules. On the other hand, these observations may be
fortuitous.


















+ 1 2.41- .9516 13.0 - 5.28 15.41 - 6.23
+ 2 5.94 -1.929 41.0 - 10.0 46.94 - 11.929
+ 3 12.17 -2.6 43.41 - 8.47 55.58 - 11.07
- 1 1.35 -0.92 13.8 - 4.0 15.15 - 4.92
- 2 2.43 - .836 62.0 - 10.0 64.43 - 10.836
- 3 6.39 -1.814 46.0 - 8.0 53.39 - 9.814
1
Expressed as ratio of plasmid to chromosome
2
Results from CLOS gradient analysis depicted In Fig. 6, except from long-term
pulse-labeled DNA
Jig. 7. Profile of short term pulse-chase labeled DNA under normal
conditions on "CLOS". The culture was pre-labeled with
^i'*C_/dThd (o), resuspended in fresh pre-wamed minimal
media supplement, and pulse-labeled with /%_/dThd (•) .
Samples were taken 15, 45, and 600 sec after the ad¬
dition of dThd. Figure A-C represent the profile of
ColEl-Amp in the absence of RNase for the 15, 45, and 600
sec respectively. Figures D-F represent the profile of
ColEl-Amp layered on CLOS in the presence of RNase for the
15, 45, and 600 sec respectively. In A-F, counts were
normalized to the ratio of incorporated into chro¬
mosomal DNA. The centrifugation of ColEl-Amp (replicative























Big. 8. Profile of short term pulse-chase labeled DNA in the
presence of CM on "CLOS". The culture was pre-labeled with
/[~^^C_/dThd (o) and pulse-labeled with /%_/dThd (•). Here,
samples were taken at 30, 60, and 600 seconds after the
addition of H_/drhd . Figure A-C represent the profile
ColEl-Amp (replicative intermediates) in the absence of
RNase for the 30, 60, and 600 sec pulse, respectively.
Figure D-F represent the profiles of ColEl-Amp layered on
CLOS in the presence of RNase (500 pg/ml) for the 30, 60,
and 600 sec pluse, respectively. In Figure A-F, counts
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CHAPTER V
DISCUSSION
The main objective of this investigation was to determine the
extent of ColEl-Ampicillin plasmid DNA association with its host folded
chromosome and/or membrane complex in exponentially growing cells of
E^. coli (normal conditions) and under conditions where the plasmid is
amplified. The effects of RNase or pronase on the recovery of ColEl-Amp
plasmid DNA from exponentially growing cells of coli indicated that
there were no significant changes in the recovery of this plasmid in the
presence or absence of RNase or pronase. This indicated that approxi¬
mately the same amount of plasmid was isolated with or without treat¬
ment of RNase or pronase from exponentially growing cells. When peak
fractions of the plasmid regions were subjected to dye-CsCl analysis,
it was indicated that the majority of the molecules (90%) Isolated on
the sucrose gradients were co-valently closed. Peak fractions of the
partially unfolded and the folded chromosome indicated the presence of
covalently closed circular molecules to the same extent, i.e. approxi¬
mately 2.8 copies/chromosome, which are consistent with the findings of
Kline and Miller (11). The fact that a percentage of the molecules
remained with the partially unfolded chromosome suggested that the con¬
formational changes needed to release all the molecules were not carried
out to completion.
Experiments on the effect of various detergents (Brij and Triton)
have indicated that the Triton might be more effective than Brij at
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disrupting the cell membrane (14). However, relative to the fidelity
(quality) of molecules isolated, Brij was Illustrated to be the best
of the detergents tested (14). That is, Brij produced less nicking of
the molecules Isolated on sucrose gradients when compared to Triton,
Sarkosyl, or Sodium-dodecyl Sulfate. Studies by Falkow et al. (7)
have suggested that with the Brij detergent, the plasmid molecules are
not released from intracellular associations such as the membrane.
Results obtained in this investigation appear to be consistent with
these findings.
It has been demonstrated by several investigators (4,11) that while
addition of CM to actively growing cells inhibits protein synthesis at
the translational level, the replication of ColEl continues at a very
high rate even though DNA synthesis is halted. Under the conditions where
CM was applied to exponentially growing cells, cell division had ceased
after 2 hr, whereas the optical density (in relations to cell division)
of exponentially growing cells in the absence of CM increased with time.
It was also evident that there was a slight increase in the amount of
/%_/dThd uptake in the various cultures of ColEl derivatives. There was
no significant uptake of ^H_/dT-hd in RS16 (F-) because the RS16 strain
contained no plasmid. As can be seen, these results indicated that the
addition of CM caused cell division and chromosome synthesis to cease;
however, the replication of CoEl plasmid DNA continues. The results
on the relationship of ColEl-Amp plasmid DNA could be associated with
the chromosome and/or membrane complex. As stated before, the experiment
was performed under conditions (slow spins) in which the chromosome
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was separated into two portions and the membrane was labeled with
^H_7Glycerol. According to these results, there was approximately 70%
(total) of the chromosome associated with the membrane in the absence of
RNase and 53% (total) in the presence of RNase. Other studies (7) have
indicated that the plasmid can link to folded chromosome because the
physicochemical structure of the plasmid resembled a supercoiled region
of the chromosome, that can interact with RNA, which helps to stabilize
the folded chromosome.
Examination of the sedimentation coefficient indicated that there
was an increase in the sedimentation coefficient of the bacterial folded
chromosome from 3200S in exponentially growing cells to 5000-6000 when
treated with CM. To explain this increase Ryder and Smith (13) postu¬
lated that cells treated with CM caused the chromosome to double, while
completing rounds of replication, giving rise to a membrane-associated
nucleoid which would have a greater sedimentation value.
The gradient of cells treated with CM, suggest that plasmid per
chromosome equivalent was isolated in the presence of RNase. The results
from the CsCl/EtBr gradients suggest that in the absence of the RNase
layer there are more CCC molecules associated with the folded bacterial
chromosome. Clewell (4) suggested that there is an increase in the
rate of replication for ColEl plasmid DNA in comparison ColEl chromosomal
DNA because there could possibly be more replicating enzymes present in
excess amounts for the plasmid DNA. It is suggested that the ColEl plasmid
is dependent upon the DNA polymerase (Polymerase I), which is present
to the extent of approximately 400 molecules per cell.
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As can be noted, these results also suggested that the addition of
CM may inhibit the formation of a protein factor, which might function
as a releasing factor in association with the chromosome. The results
from the long-term pulse-chase experiments suggested that the recovery
of ColEl-Amp plasmid increased with time. There were more copies of
plasmid per chromosome equivalent, which were released freely on the
CLOS gradients in the presence RNase. The analysis from the CsCl
gradients indicated the same as before, that more CCC molecules were iso¬
lated from the folded chromosome. The results from the short-term chase
plus experiments showed that the RNase has an effect on the recovery of
ColEtAmp plasmid (replicative intermediates) .
The results in this thesis are consistent with previous findings
(11). However, while they may tend to implicate the folded chromosome
and/or membrane complex in the process of replication, the actual function
of the bacterial chromosome in the replication and/or segregation ColEl-
Amp plasmid DNA remains clear.
CHAPTER VI
SUMMARY
The extent to where ColEl-Ampiclllin plasmid DNA was associated with
its host folded chromosome and/or membrane complex in exponentially
growing cells of coll was investigated. According to our results, the
following suggestions and conclusions could be dravn:
1. The Rnase or pronase had no effect on the recovery of
ColEl-Amp plasmid DNA from exponentially growing cells of
coll (normal conditions). Peaks isolated and placed
on CsCl gradients suggested that there were approximately
2.8 copies of plasmid per chromosome equivalent associated
with the folded chromosome.
2. Brij detergent was more effective on the recovery of ColEl-
Amp plasmid DNA because the quality of the cellular, such
as plasmid membrane attachment, was preserved.
3. These studies indicated that the ColEl-Amp plasmid DNA
could be associated with the chromosome and/or membrane
complex.
4. In the presence of CM and RNase, there were more chromosome-
free copies of ColEl-Amp plasmid DNA isolated on the CLOS
gradient. These peaks isolated and placed on CsCl/EtBr
gradients indicated that there was an enormous increase in




5. It is suggested that in the presence of CM, there
might be a releasing protein factor which was
inhibited in association with the folded chromosome.
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